In vivo measurement of total body lipid content of common carp (Cyprinus carpio L.) by electrical conductivity Abstract A non-destructive method to predict the total lipid content and the lean body mass (LBM) was evaluated by measuring the total body electrical conductivity (TOBEC) with common carp. This technique is based on the principle that body fat and fat-free mass differ in electric properties which can be measured in a low-frequency electromagnetic field. Experimental fish with average body weight of 1225±298 g originated from a commercial stock. Fish were slaughtered immediately after the measurements and homogenized samples were taken from the grinded whole-body. The fat content of the homogenates was analysed using Soxhlet extraction after hydrochloric acid digestion. The weight of lean body mass (LBM) was calculated as the difference between the live weight and the weight of fat determined. The TOBEC method provided very precise estimation of lean body mass (R²=0.99). Total body lipid content (in gram) can also be predicted from the E value and live weight with adequate accuracy (R²=0.66) in the size range of 706 -1989 g in common carp. The predictibility of the crude fat content (in %) was moderate (R²=0.37) in the present investigation. It could not be increased significantly by including other body measurements as standard lenght, height and circumference. Fat content of table-sized, sexually matured common carp can be estimated at a precision level that may be adequate only if high selection pressure has to be applied in a breeding program.
Introduction
Assessement of body composition is an important aspect of fish culture and fisheries management. Body composition is traditionally evaluated by chemical proximate analysis, which, of course, requires killing the experimental animals, is an expensive and time consuming method. Recently different non-destructive methods are available for determining the body composition (FEKETE, 1992) , which allow a fairly good estimation of body composition. One of these methods is the total body electrical conductivity (TOBEC) method, which is based on the different electrical conductivity of fatty and non-fatty tissues and was proven to be successful for predicting lean body mass (LBM) and lipid content in birds and small mammals (CUNNINGHAM et al., 1986; FIOROTTO et al., 1987; FEKETE and BROWN, 1993; STAUDINGER et al., 1995) . This rapid, in vivo technique was used for fish at the Texas A&M University by BROWN et al. (1993 ), BAI et al. (1994 and JARAMILLO et al. (1994) found significant correlations between TOBEC values and LBM, lipid, water and ash content of sunshine bass, red drum and channel catfish. High variance of the raw fat content in common carp's fillet was reported by LENGYEL et al. (2001) both in natural waters (3.1±3.3 %) and fish ponds (10.0±4.5 %) in Hungary. SCHRENKENBACH et al. (2001) determined the total body composition of a large number of fish originating from lakes and ponds in Germany and found that common carp had very high variance of fat (8.5±4.4 %) while protein was quite stable (13.9±1.4 %). Substantial genetic variance of carcass value traits, including fat content, was found in Atlantic salmon (RYE and GJERDE, 1996) . Common carp was not investigated in this respect, however selective breeding for lower body fat may be an effective way to produce higher valued fish meat and improve feed utilization, because most of the Hungarian carp populations show high (13-19 %) coefficient of variation in fillet fat content (HANCZ et al, 2002) . The objective of the present study was to determine the accuracy of predictions for lean body mass, body fat weight and body fat percentage and to develop prediction equations for the in vivo determination of the total body fat content of common carp by TOBEC.
Materials and methods
Animals and pre-measurement procedure Experimental fish originated from a commercial stock of table-sized common carp in which both mirror (N= 27) and scaled (N= 23) type was represented. Fish were kept in 1000 L, aerated fiberglass tanks for 14 days prior to measurement, fed on pelleted carp feed at maintainace level (1%/day) and fasted for the last 48 hours.
TOBEC measurements
The TOBEC measurements were carried out with an EM-SCAN SA-3152 type Small Animal Body Composition Analyser (EM-SCAN Inc., Springfield, Illinois, USA), which allows rapid, non-invasive measurement of the total conductivity index (E value) of small animals. This method is useful for detecting energy absorption in the presence of a radio-frequency electromagnetic field, which is created when a 10 MHz frequency is passed through a copper wire wound around a plexi-glass tube. In this system more energy is absorbed by conductive materials such as normally hydrated lean tissue than by resistant materials such as body fat (FUNK, 1991) . Because the mobility of the animals has a significant effect on the E values measured (EM-SCAN MODEL SA-3000 OPERATION MANUAL, 1996; MILISITS et al., 1999) , fish were anasthetized with Chinaldine that kept them motionless in a lying position during the whole measuring procedure. All fish were carefully blotted dry because evaporating water also influences significantly the measured values. E value was determined at least three times and the mean was used for the calculation of prediction equations. Intra-animal variability (CV) of the E value was lower than 2% for each animal.
Slaughter and analytical procedures After the TOBEC measurements recovering fish were over-anasthetized with Chinaldine. Data of body weight, standard length, height and circumference were registered. The sex of fish was determined after dissection then the whole body was diced, grinded and homogenized. About 100 g sample was taken from each of the homogenates and stored at -20°C until proximate analysis. The crude fat content (CF) of the samples was determined by Soxhlet extraction after hydrochloric acid digestion. The lean body mass (LBM) was calculated as the difference between the body weight and the weight of fat which was determined by chemical analysis.
Statistical procedures
Possible differences between sexes and types (mirror vs. scaled) were tested by independent samples t-test. For the in vivo estimation of fat-free mass, body fat weight and body fat percentage prediction equations were created by linear regression. Observed and predicted values of LBM and lipid content were analyzed by paired ttest. All statistical procedure was carried out using the SPSS statistics software package (SPSS 8.0 FOR WINDOWS, 1997).
Results
The basic data of the experimental fish are presented in the Table. Calculated and predicted fat weight show adequately close correlation (R = 0.806) as it can be seen in Figure 1 , and paired t-probe also proved the acceptability of this model (P =1.0000). Calculated and predicted fat % are less closely correlated (R = 0.604) as it can be seen in Figure 2 , but paired t-probe also proved the acceptability of the model (P =0.066). Including all measured variables into the model, the accuracy can be increased (R²=0.429, P<0.001) but this relatively small improvement could be achieved by significantly larger labour expenditure at the measurement process. Discussion Our results on the prediction of LBM are in accordance with the findings of BROWN et al. (1993 ), BAI et al. (1994 and JARAMILLO et al. (1994) , where, similarly to most of the animals investigated, prediction equations of LBM of different fish species had R 2 values near to 0.99. Lipid content was predicted with much higher accuracy using only the E value (R 2 = 0.928) in case of sunshine bass (BROWN et al., 1993) . JARAMILLO et al. (1994) found that E value and body weight as independent variables in prediction linear regression model of LBW for channel catfish was produced accuracy of R 2 = 0.903. Lower precision of estimation for common carp can be explained by the fact that, contrary to sunshine bass (24 -124 g) and channel catfish (44 -175 g), investigated carps were sexually matured weighing 706 -1989 g where the connection between fat content (in g) and body weight has weaker correlation (R = 0.685). This value was found to be 0.926 in case of the sunshine bass (BROWN et al., 1993) . The TOBEC method seems to be a precise tool for estimating lean body mass also in case of common carp. Total body lipid content (in gram) can be predicted from the E value and live weight with adequate accuracy (R²=0.657) in the size range 706 -1989 g of common carp. Predictability of the crude fat content (in %) was moderate (R²=0.368) in the present investigation. It could not be increased significantly by involving other body measurements as standard length, height and circumference. However this relatively low R² can be enough for selectional purposes as it was concluded by LÉVAI and MILISITS (2002) on rabbits. TOBEC can be a practical, technologically feasible in vivo technique of predicting body composition of common carp, especially in younger age-groups. Fat content of table-sized, sexually matured fish can be estimated at a precision level that may be adequate if high selection pressure has to be applied in a breeding program. The major chemical components of the rabbit whole body measured by direct chemical analysis, deuterium oxide dilution and total body electrical conductivity. J. Vet. Nutr., 2 (1993), 23-29
